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Laboratory investigation of Pneumocystis carinii
pneumonia

J MW Chatterton, D O Ho Yen

Introduction
Unexpected Pneumocystis carinii pneumonia
(PCP) led to the identification of the acquired
immunodeficiency syndrome (AIDS). The lab-
oratory diagnosis ofP carinii infection has had
a less auspicious start. As this fungus is not
easily grown, there has been a tendency for
physicians to make a clinical diagnosis. Early
and rapid confirmation ofthe diagnosis ofPCP
is important and the development of sensitive
and specific tests has made such evaluation
possible.1 This paper will critically examine the
different types of specimen and the laboratory
techniques used for the identification of P
carinii. The role of serology will be discussed.
The fact that the vast majority of AIDS

patients develop PCP during their illness2 has
been a great stimulus to research into PCP.
Yet, it must be remembered that PCP is also a
major problem for other immunocompromised
patients in whom the pathology may be differ-
ent, and other laboratory tests such as serology
may be more relevant.34 Consequently diag-
nosis of P carinii infection in AIDS and non-
AIDS patients will be considered. In the future
newer laboratory techniques may increase the
sensitivity of diagnosis. Recently the polymer-
ase chain reaction has been applied to the
diagnosis of PCP with considerable success.5
However, all of the laboratory techniques, both
new and old, have advantages and disadvan-
tages. In addition, the use of prophylaxis and
greater awareness of PCP by clinicians will
result in earlier diagnosis, and the role of
laboratory tests in this changing environment
needs careful assessment. This paper attempts
to identify a rational approach to the investiga-
tion of P carinii infection in terms of the types
of specimens and tests.
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Table 1 Relative success of sampling procedures for demonstration ofP carinii`'9
Procedures Procedures positive/total Overall success (%) Range (%)

Spontaneously expectorated
sputum 11/81 14 6-24

Induced sputum 275/536 51 15-92
Bronchoalveolar lavage 300/524 57 42-89
Bronchoalveolar lavage *78/398 20 0-21
Bronchial washings 159/260 61 60-79
Transbronchial biopsy 245/341 72 57-93

All AIDS patients except *which includes samples from 49 immunocompromised and 18 AIDS
patients.

studies6"19 (table 1). In addition, serum
specimens may be helpful and are separately
considered.

1 Sputum
The diagnostic success of spontaneously
expectorated sputum has been poor.20 One
review of cases of PCP in patients with
immunocompromise, malignancy and trans-
plants estimated the yield of correct diagnosis
to be 6%.2` Although some believe sputum
examination is not worthwhile,22 in AIDS
patients where there is a much higher infesta-
tion23 this may still be useful. P carinii has been
identified in 8/33 (24%) routine sputa from
episodes of PCP in AIDS patients,6 with a
diagnostic sensitivity of 57%.
As the cough in PCP is usually dry and non-

productive, sputum production can be induced
by inhalation of hypertonic saline produced by
an ultrasonic nebuliser.' Examination of
induced sputum has been positive in between
55% 17 and 92%8 of AIDS patients with con-
firmed PCP. Sputum induction is non-invasive
but requires careful supervision and rigorous
patient preparation.24 The procedure is not
without difficulty. In a recent prospective study
of 151 AIDS patients 28 were unable to
produce a specimen, 29 provided an inade-
quate sample, 17 found the procedure unpleas-
ant, 15 had nausea and vomiting, eight became
dyspnoeic, three had intractable cough and
one acute bronchoconstriction.24 More serious
complications have been reported in particular
high risk patients. Rapid and fatal pleural
effusions developed after sputum induction in
four AIDS patients with Kaposi's sarcoma and
small pleural effusions.25 It has been shown
that the use of experienced dedicated person-
nel increases the number of successful
attempts at sputum induction but does not
increase the diagnostic yield.24

2 Bronchoalveolar lavage (BAL)
Bronchoscopy with lavage is readily available
in most hospitals and carries a low morbidity.
After inspection of the airways the broncho-
scope is wedged into a subsegmental bronchus,
usually in the right middle lobe, and 100 mls of
sterile saline is instilled in 20 ml aliquots.
Aspiration after each aliquot should yield
40-50 mls of lavage fluid. The commonest
complication in a study of 171 AIDS patients
was fever, and BAL was well tolerated in the 23
patients considered to be at high risk of
complications.'8 When 72 AIDS patients who
underwent sputum induction and BAL were
questioned, 64 preferred BAL.24 The proce-
dure can be successfully used in paediatric
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patients26 despite significant tachypnoea and
or hypoxia.15 Variable success has been repor-
ted in AIDS patients (table 1) and this may
reflect differences in sampling techniques or
experience in demonstrating P carinii. Yields
have been lowest in studies which have
included non-AIDS patients (table 1). This is
not surprising since PCP is much more com-
mon inAIDS than in other immunosuppressed
patients and the lower cyst burden in non-
AIDS patients makes demonstration of P
carinii more difficult. To be successful lavage
needs to be properly carried out ensuring
adequate alveolar sampling. When properly
performed BAL should sample the alveolar
contents of an entire subsegment of lung.22

3 Biopsy
Transbronchial biopsy (TBB) may be per-
formed after BAL if that procedure does not
provide a diagnosis.2 The complications of
fibreoptic bronchoscopy however, are mark-
edly increased when TBB is performed.27 The
procedure carries a risk of haemorrhage and
pneumothorax. Broaddus et all8 found pneu-
mothorax occurred in 23/253 (9%) trans-
bronchial biopsies in AIDS patients and in 15
tube thoracostomy was required to expand a
collapsed lung. Miller et aF' reported a 16%
pneumothorax rate in 74 HIV antibody posi-
tive patients after TBB and one death from
massive haemorrhage. The technique would
not be recommended in thrombocytopenic
patients or those requiring ventilation.'8Trans-
bronchial biopsy has generally been more
successful than BAL for diagnosing PCP but
similar success rates have also been reported
(table 1). One study,28 found TBB was con-
siderably less successful than BAL, with sensi-
tivities of 56% and 90% respectively. However,
this analysis included 16/60 (27%) TBB speci-
mens which were considered "unsatisfactory"
because of the small quantity of alveolar tissue.
In one case PCP was only diagnosed by TBB.
Transbronchial biopsy provides material for
diagnosing other causes of respiratory distress
such as tumours,20 and this advantage may
justify the higher associated morbidity in some
cases.

Biopsy can also be performed transthorac-
ically by percutaneous needle aspiration. Diag-
nostic yields of more than 80% have been
reported, but may be associated with sig-
nificant morbidity. In a series of 27 cancer
patients there was a 30% incidence of compli-
cations: eight pneumothorax, one massive hae-
mothorax and two deaths directly related to the

Table 2 Comparison of different staining techniques for demonstration of
P carini`s1s
Staining Method Procedure Sensitivity* (%) Average (%)

Diff-Quik IS 76,92 83
BAL 81 81

Toluidine blue 0 IS 80,92 83
BAL 100,100 100

Gomori (Grocott) IS 74,92 83
methenamine silver BAL 67,86,89 82
Monoclonal IS 92,97,100,100 97
immunofluorescence BAL 86,93,96,100,100 94

IS = induced sputum; BAL = bronchoalveolar lavage
*(total positive by one stain/total positive by all stains used) x 100.

procedure.29 In AIDS patients sudden death
because of coexisting autonomic neuropathy
has been reported.30 While needle biopsy is
blind, open lung biopsy offers the advantage of
exploration and direct vision. It is the "gold
standard" sampling procedure.' 22 A generous
tissue specimen can be taken and it is unlikely
that the laboratory will find the specimen
inadequate or unsatisfactory.29 However, it
requires general anaesthetic, and has major
complications of pneumothorax, pneumo-
mediastinum and bleeding. Consequently it is
reserved for those patients who deteriorate
clinically despite conventional therapy or in
whom bronchoscopy with lavage fails to secure
the diagnosis.

Demonstration of P car.ni-
A variety of chemical and immunological
stains have been used to identify P carinii;
however, there can be major difficulties in the
interpretation of the results of these stains.

1 Chemical staining
These fall into two groups: cyst wall stains and
trophozoite/sporozoite stains. The most pop-
ular cyst wall stain is the Gomori (Grocott)
methenamine silver (GMS) but toluidine blue
0, cresyl echt violet and Gram-Weigert have all
been widely used. Under ideal conditions all
provide high contrast and easy recognition of
distinctive P carinii cysts thus affording rapid
analysis.3' The literature is full of technical
modifications to reduce time and improve
results. These stains can be used on all clinical
samples including tissue sections.22 Use of a
single cyst wall stain however will result in false
negatives (table 2). When GMS and Gram-
Weigert were used to examine 65 BAL speci-
mens 48 positives were detected. IfGMS alone
had been used 4/48 (8%) would not have been
detected.7 There has recently been consider-
able interest in the use of Calcofluor white for
demonstrating P carinii. This chemofluores-
cent agent binds to polysaccharides in fungi
and other organisms emitting bright apple
green fluorescence. It is claimed to be a rapid,
sensitive and accurate method of demonstrat-
ing P carinii cysts in BAL,32 but its use in
sputum remains to be evaluated.

Sporozoite/trophozoite stains such as
Giemsa, polychrome methylene blue, Wright,
Gram and Diff-Quik are rapid and easy to
perform. Unfortunately they are not selective.
Since parasite and tissue elements are equally
stained, the morphologically unremarkable
sporozoites/trophozoites are difficult to iden-
tify. Although trophozoites may outnumber
cysts by 100:1 in clinical specimens, screening
is time consuming and requires considerable
experience.`' These stains are suitable for
respiratory fluids and imprints, but not for
tissue sections.3' Demonstration of foamy
alveolar casts with Papanicolaou stain has
proved helpful in detecting P carinii in BAL. 9
Papanicolaou stains were positive on 7/65
(11%) BAL specimens that were negative by
GMS, and where P carinii was later confirmed
by other methods. Methods that stain both
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cysts and trophozoites/sporozoites have been
published.33 Pleasing results can be achieved
but can be difficult to interpret.22 It has
recently been recommended that at least three
individual stains (GMS, toluidine blue 0 and
Giemsa) should be used to examine clinical
specimens.26

2 Immunological staining
In the 1980s reports of the successful use of
monoclonal antibodies for demonstrating P
carinii appeared.68 13 Several antibody clones
are now available which are specific for P
carinii. Some recognise cysts (R13/3G4-6,
5E12); others both cysts and trophozoites
(2E3, 3F6 2G2).34 Used in immunofluores-
cence tests (IFA), singly and in cocktails these
antibodies have proved to be powerful tools
giving the highest success in clinical specimens
(table 2). Elvin et aP' demonstrated P carinii in
14/43 sputum specimens by IFA when only
3/14 were demonstrated by GMS. Other stud-
ies have confirmed this superiority.8 14 When
182 specimens (124 induced sputum, 56 BAL,
one transbronchial biopsy and one lung tissue)
were examined by GMS, toluidine blue 0,
Diff-Quik and IFA, Ng et af found 17 which
were only positive by IFA. Diagnostic kits
incorporating different monoclonal antibodies
are now commercially available. Commercial
kits are expensive and the technique occasion-
ally fails (table 2). Nevertheless monoclonal
antibodies offer the advantages of improved
sensitivity, high specificity and less time is
required for specimen examination.

3 Interpretation
While too stringent morphological criteria may
produce up to 49% false negatives,9 there are
other problems in interpretation. Other patho-
gens may be confused with P carinii, especially
the yeast-like fungi Histoplasma capsulatum
var capsulatum, Cryptococcus neoformans and
Torulopsis glabrata.22 The specificity ofP carinii
monoclonals virtually eliminates this problem,
but we and others`' have found that the IFA
may occasionally stain fungal elements and
budding yeast forms. Ideally 3-5 or more well-
defined cysts should be seen.9 14 Fluorescent
material resembling trophozoites must not be
interpreted as positive9 but should provoke an
intensive search for cysts.'2 More than one
smear should be examined. Gill et al`2 found
four specimens initially negative by toluidine
blue 0 and five negative by IFA were positive
on second smear evaluation. Inclusion of P
carinii controls is advisable, as inconsistent
uptake of GMS may give false negatives when
fungal controls are positive.35 We routinely
include a P carinii seeded sample of any
specimen we examine. On several occasions we
have failed to demonstrate P carinii in the
seeded specimen by IFA when the kit control
provided was satisfactory. Awareness of the
problems is the key to success. Use of a
combination of staining methods and experi-
ence will minimise problems of interpretation
and maximise demonstration of P carinii. It
should always be remembered that P carinii
can persist in the lungs of patients even after

treatment for PCP.2 Consequently in sub-
sequent episodes of pneumonia due to other
pathogens P carinii may still be found in
BAL.

Serology
Failure to develop reliable in vitro culture
systems for P carinii has seriously hindered the
development of serological tests. A wide variety
of antigens prepared from infected lung have
been used in immunofluorescent antibody and
ELISA systems. Much of the published evi-
dence has concluded antibody testing is not
worthwhile for sporadic disease in the immu-
nocompromised.2022 While controversial, the
value of serological testing should not be
dismissed too readily. In 20 patients with PCP,
including patients with transplants, malig-
nancy and AIDS, we found 65% (13/20) were
positive for antibody compared with 9%
(13/148) of Scottish blood donors.4 The pres-
ent tests are far from satisfactory, yet they may
still have a role to play and we continue to offer
antibody testing. Testing is relatively simple
and demonstration of seroconversion or rising
titres can provide a presumptive diagnosis.3

Purification and eXploitation of specific
antigens will hopefully allow the development
of more effective serological tests. A 95 kDa
protein identified as a major surface antigen of
human P carinii isolates has been purified and
used in an IgG ELISA system.36 In 38 controls
with no history of PCP (27 infants, eight
healthy laboratory workers and three immuno-
compromised patients) two were possibly anti-
body positive. Among eight AIDS and non-
AIDS immunocompromised patients with no
history of PCP, only one had antibody; among
30 with a history of PCP, 10 (33%) were
antibody positive and seven possibly positive.
When serial samples were examined some
patients developed gp95 antibody after clinical
disease, while others developed no detectable
antibody despite multiple episodes of PCP. In
a subgroup of patients gp95 antibody was
demonstrated before PCP was diagnosed. The
authors have suggested this may be of pre-
dictive value in PCP. Other workers37 have
used immunoblotting to monitor the sero-
logical responses among AIDS patients with
one or more episodes ofPCP. In 41% (7/17) of
patients with single episodes of PCP and 93%
(13/14) of patients with recurrent PCP, active
IgM and/or IgG antibody responses to a 40
kDa antigen were detected. Demonstration of
this serological response has rekindled interest
in serology as an epidemiological tool..

Identification of P carinii specific antigen in
serum would allow current infection to be
diagnosed. Initially promising results were
obtained using polyclonal antisera in ELISA,
counterimmunoelectrophoresis and latex tests
but these proved insensitive.38 Reliable differ-
entiation of clinical PCP from subclinical
infection is not yet possible. However anti-
genaemia has been found in patients with PCP
before the appearance of antibody and the
onset of acute pneumonia.39
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Investigation of PCP
The best approach to the investigation of PCP
depends on many factors. The degree of
immunocompromise, the severity of illness in
the patient, the expertise in obtaining non-
invasive specimens, the availability of invasive
procedures, and the expertise of the laboratory
are critical considerations. However, one of the
most significant factors in reducing the mor-
tality of PCP in the last 5 years has been
increased medical and patient awareness of the
condition,40 leading to earlier diagnosis and
treatment. A scheme for the investigation of
patients with suspected PCP is depicted in the
figure.
Although the clinical presentation of PCP is

not diagnostic, the condition should be sus-
pected in individuals with immunocompro-
mise who are short of breath, have a fever and
a dry cough (fig). Part of the difficulty in
diagnosis is the spectrum of clinical findings:
fever is present in about 90% of cases, breath-
lessness in 80% and a dry cough in 50%.2`
Among HIV infected individuals, illness may
be insidious and respiratory failure may occur
in patients presenting later or among children.
Increasingly, PCP will be found in HIV infec-
ted individuals, and the infection should be
considered in patients at high risk of HIV.
When T helper (CD4) cells are below 200 x
106/, there is severe immunocompromise and
a high chance of developing PCP.4'
The vast majority of patients with respira-

Figure Investigation of P carinii pneumonia

tory complaints will have a chest radiograph.
Classically in PCP, there will be diffuse,
bilateral changes.2 In 5% of patients changes
are unilateral20 and atypical radiographic
appearances including cystic changes and cav-
itating and non-cavitating pulmonary nodules
have been recorded.220 In 5-10% of AIDS
patients there can be a normal chest radio-
graph.2 Therefore, in patients with continuing
symptoms further investigation is indicated
(fig). Measurement of arterial blood gases is
useful in assessing the severity of pulmonary
involvement.2 Hypoxia is frequent but not
inevitable in pCp.2 20 Abnormalities, irrespec-
tive of radiological findings, should institute
further investigations in any high risk patient
(fig). Additional, non-specific evidence of lung
disease may be obtained by lung function tests
or gallium lung scans.2 The single-breath dif-
fusing capacity for carbon monoxide appears
to be the most sensitive for PCP.

After establishing that the patient has lung
disease, it seems logical to first use non-
invasive techniques to establish the diagnosis.
In exceptional cases, because of the patient's
history, clinical features and severity of illness,
it may be more appropriate to proceed to
invasive techniques. The diagnostic success of
sputum is poor but in patients who sponta-
neously expectorate sputum, the sample is
easily obtained and can be examined for other
causes of the patient's symptoms (fig). How-
ever, many PCP patients have a non-pro-
ductive cough and for these patients induced
sputum may be the investigation of choice. The
problem with induced sputum is its variable
success (table 1). Success probably depends on
the expertise of the staff and the use of the
correct type of nebuliser. If the procedure is
rarely performed, it is best to proceed to
bronchoalveolar lavage, especially as patients
can find this less traumatic than sputum
induction.24

Unfortunately, many laboratories do not
provide a serological service for the diagnosis
of PCP. Serological investigations are rapid
and have the advantage of an easily obtainable
specimen. Seroconversions or rising titres
allow the diagnosis to be made3 and toxic
treatment started. However, serology is prob-
ably best used in patients who are being closely
monitored.
The high sensitivity and specificity of bron-

choalveolar lavage, with its low level of compli-
cations probably makes this the invasive
method of choice. This procedure may also
help in the diagnosis of pulmonary haemor-
rhage, other infection, tumour infiltrate or
indicate drug-induced pneumonitis.20 Trans-
bronchial biopsy may be complicated by haem-
orrhage or pneumothorax and is particularly
indicated if malignancy is suspected. Lung
biopsy is reserved for very special situations,2 20
such as clinical deterioration, negative inves-
tigations (fig), or uncorrectable coagulopathy.

The future
As has been demonstrated in this paper, the
type of specimen influences diagnostic success.
The trend away from invasive procedures has
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been justified by the high concentration of P
carinii in PCP in AIDS patients and the
consequent ease of detection in non-invasive
samples.22 However, the medical management
of immunocompromised individuals is chang-
ing with an emphasis on prevention. Criteria
for primary and secondary prophylaxis for
PCP have been established.40 In addition, in
HIV infected individuals early treatment with
zidovudine may prevent the development of
the severe immunocompromise of AIDS.42 As
it becomes necessary to diagnose PCP earlier
when there is a lower concentration ofP carinii,
laboratory tests will have to be more sensi-
tive.

In the last decade, the progression from
chemical stains to monoclonal antibodies has
increased the specificity and sensitivity of
laboratory diagnosis. Further development of
specific staining procedures, especially incor-
porating anti-trophozoite as well as anti-cyst
elements will improve diagnostic success.
However, it is with the use of molecular
biology based tests that sensitivity will be best
increased. DNA probes have already been
successfully used in hybridisation studies43 and
DNA amplification by polymerase chain
reaction has proved to be a highly sensitive and
specific technique for detecting P carinii in
BAL44 and induced sputum.45 With the
scenario of greater patient and medical
awareness, prophylactic treatment, better
drugs, and more sensitive detection methods
invasive diagnostic procedures will only be
used in a minority of patients.
There has been concern that much of the

research into P carinii infection has concen-
trated on the cyst rather than the trophozoite
stage of the life cycle.38 It was suggested that
trophozoites are more important as they out-
number cysts in alveolar lavage, drugs effective
in PCP have a greater effect on trophozoites,
and the number of cysts does not correlate
with the severity of PCP. More work is
required to identify antigenic differences
between cysts and trophozoites.
To date, much has been learnt about the

diagnosis of PCP. Sampling techniques have
improved, laboratory tests have been refined
and a scheme for the investigation of PCP can
be suggested. Although in the future there will
be further progress, a logical approach to the
investigation of PCP is likely to be the most
important factor in reducing morbidity and
mortality from this infection.
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